In 2018, an estimated 7.8% of individuals with diabetes who owned a smartphone used a diabetes app to support self-management.
glycemia requiring corrective action were defined as blood glucose levels of 70 mg/dL or less (≤3.9 mmol/L) and greater than 180 mg/dL (>10 mmol/L), respectively. 5 Alerts were any visual or audible cue to notify users of values outside glycemic targets or to prompt action and included messages, sounds, color changes, or visual cues on graphs and summary statistics (coloration of data points, color bands on graphs). Action prompts were noted and categorized (Table) . Apps were evaluated assuming users would enter blood glucose values at the point of measurement.
Comparisons between Android and iOS apps were made using the χ 2 or Fisher exact tests with a 2-sided P<.05 for statistical significance.
Results | Of 5184 potential apps, 371 (198 Android; 173 iOS) met inclusion criteria ( Figure) and were downloaded. Blood glucose levels could be recorded in all apps (Table) ; goal setting was available in 37.0% (more iOS apps had this function compared with Android); reminders to measure blood glucose in 27.8%; and HbA 1c recording in 28.6%. Additional features accompanying blood glucose recording were available in 98.4%; of those, date or time stamps and prompts to indicate relationship to a meal were most common. Users were alerted to hypoglycemia or hyperglycemia in 58.8% (217/369) and 58.4% (216/370) of apps, respectively, through either an explicit message, action prompt, or color c There were 39 apps available on both platforms (Android and iOS) and these were assessed as unique apps because developers may preferentially develop upgrades or improvements for one platform but not the other.
change (or sound or graph). Of these, 37.0% and 32.4% displayed a message explicitly alerting users to hypoglycemia or hyperglycemia, respectively, that was either accompanied by an action prompt (20.7% for hypoglycemia and 15.3% for hyperglycemia) or a color change (26.7% for hypoglycemia and 24.5% for hyperglycemia). Consecutive out-of-range values within a 24-hour period triggered the same alert as for a single out-of-range value in 86.6% of apps for hypoglycemia and 88.9% for hyperglycemia. Suggested actions for hypoglycemia were intake of food, juice, or sugar (13.9%); seek medical help (13.9%); or remeasure (10.2%). For hyperglycemia, users were prompted to check (Table) . Blood glucoserelated education was included in 10.6% (39/369) of apps.
Discussion | The majority of diabetes apps did not provide realtime decision support or situation-specific education on blood glucose self-management. Only 20.7% of apps with explicit alert messages for hypoglycemia and 15.3% for hyperglycemia also prompted an action. Of concern, in most apps, consecutive low or high blood glucose values did not trigger an escalation of alerts that could prevent severe hypoglycemia or hyperglycemia.
Limitations include that new apps may have been released since the search. In addition, the appropriateness of education and recommended actions were not assessed.
This study demonstrates the immaturity of diabetes apps and missed opportunities to improve care and health outcomes. Quality assurance mechanisms such as certification of apps are needed to help achieve their potential of supporting diabetes care.
